Background/Aims: Endoscopic submucosal dissection (ESD) is accepted as a treatment for gastric neoplasms and usually requires deep sedation. The aim of this study was to evaluate the safety and efficacy profiles of deep sedation induced by continuous propofol infusion with or without midazolam during ESD. Methods: A total of 135 patients scheduled for ESDs between December 2008 and June 2010 were included in this prospective study and were randomly assigned to one of two groups: the propofol group or the combination group (propofol plus midazolam). Results: The propofol group reported only one case of severe hypoxemia with no need of mask ventilation or intubation. Additionally, 18 cases of mild hypotension were observed in the propofol group, and 11 cases were observed in the combination group. The combination group had a lower mean total propofol dose (378 mg vs 466 mg, p<0.012), a longer mean recovery time (10.5 minutes vs 7.9 minutes, p=0.027), and a lower frequency of overall adverse events (32.8% vs 17.6%, p=0.042). Conclusions: Deep sedation induced by continuous propofol infusion was shown to be safe during ESD. The combination of continuous propofol infusion and intermittent midazolam injection can decrease the total dose and infusion rate of propofol and the overall occurrence of adverse events. (Gut Liver 2012;6:464-470) 
INTRODUCTION
The number of gastrointestinal endoscopic procedures has in- 1 In recent years, more complex therapeutic endoscopic procedures have been developed. Endoscopic submucosal dissection (ESD), one of the most difficult endoscopic procedures, is a new and minimally invasive method of treating early gastrointestinal epithelial neoplasms. 2 A lengthy and potentially uncomfortable endoscopic procedure like ESD usually requires moderate to deep sedation using a method to maintain a stable sedation level. 3 Deep sedation during ESD with careful monitoring minimizes patient movement, allowing the endoscope to be manipulated precisely with little interruption. 4 Several sedation protocols have been proposed to improve the acceptability and tolerability of ESD; the propofol sedation protocol is one example. Propofol is a short-acting sedative with a rapid recovery profile. The use of propofol has additional advantages, including the relative ease of safely maintaining a proper sedation level and a good amnesic effect. 3 These advantages have resulted in increased use of propofol for endoscopic procedures around the world. However, there is an increased risk of cardiopulmonary complications due to the narrow therapeutic range of the drug. 4 Elderly patients are often candidates for ESD and have a higher risk of complications associated with sedation. Recently, a number of studies for propofol sedation during ESD by nonanesthesiologist have proven that propofol sedation has similar safety profile compared to conventional sedation with midazolam. 3, 5, 6 In these studies, propofol was administrated in bolus or by continuous infusion, and target sedation level was mostly moderate sedation. However, intermittent bolus injection of propofol may be theoretically associated with fluctuation of plasma concentration. This variation of plasma level could lead to more frequent complications or delay of procedure due to unsteady sedation level. We hypothesized that continuous infusion of propofol may be associated with a more consistent level of plasma concentration so that maintaining a stable deep sedation level during ESD could be more easily and safely achieved. This study was designed to assess the efficacy and safety profile of deep sedation by continuous propofol infusion in patients underwent ESD, and also aimed to determine the additional advantage of propofol continuous infusion in combination with midazolam.
MATERIALS AND METHODS
Patients and study design
This prospective, randomized trial included 135 patients who were scheduled for ESD to remove gastric neoplasms between December 2008 and June 2010 at the Hallym University Sacred Heart Hospital. Adult patients who were 20 to 80 years of age, were classified by the American Society of Anesthesiologists (ASA) 7 as categories I to III, had gastric adenoma or early gastric cancer (EGC) that had been documented on a previous biopsy, and had a gastric submucosal tumor (SMT) were included. Patients were excluded if they were less than 20 years of age or more than 80 years of age; had an ASA classification of IV to V; had received antiplatelet agents or anticoagulation therapy; or had a history of complications during sedative endoscopy, adverse reactions to propofol and/or midazolam injection, severe obstructive sleep apnea, or allergy to eggs or soybeans. Using computer-generated random sequencing, all study subjects were randomly assigned to one of two groups: the propofol continuous infusion group (propofol group) or the propofol continuous infusion plus bolus midazolam group (combination group). Verbal and written informed consent was obtained for ESD and sedation. The study was conducted according to the Declaration of Helsinki and was approved by the Institutional Review Board of Hallym University Sacred Heart Hospital. At least one physician with advanced training in basic and cardiac life support was present during each ESD procedure.
Sedation and monitoring protocols
The patients in the propofol group received a continuous 0.3 mg/kg/min intravenous propofol infusion. The infusion rate was titrated according to the level of sedation. The patients in the combination group received an initial bolus of 2 mg of midazolam and a continuous infusion of 0.3 mg/kg/min of intravenous propofol. Trained registered nurses administered all medications under the supervision of the physician performing the endoscopy. The level of sedation was defined according to the ASA classifications: minimal, moderate, and deep sedation. 7 Minimal sedation is the state in which the patient can respond normally to verbal stimulation. Under moderate sedation, the patient can respond purposefully to verbal commands, either alone or accompanied by light tactile stimulation. Under deep sedation, the patient cannot be aroused easily but responds purposefully following repeated or painful stimulation. In this study, the target level of sedation was deep sedation. Resuscitation equipment was available at all times within the endoscopy unit, and an oncall anesthesiologist was in the building during the procedure. The patients received supplemental oxygen (2 L/min) via a nasal cannula in the endoscopy room, and their vital signs and oxygen saturation were continuously monitored every 5 to 10 minutes using a standard three-lead electrocardiogram, pulse oximetry, and an automatic blood pressure cuff. To assess the accurate sedation level during the ESD procedure, an observer who didn't involve the ESD procedure evaluated the sedation level every 5 minutes using the Modified Observer's Assessment of Awareness/Sedation (MOAA/S) scale. 8 If MOAA/S score showed the responsiveness score over three or a patient became agitated or produced involuntary movements without any stimulation, the sedation level was considered inappropriate (either moderate or minimal sedation), and the propofol infusion rate was titrated.
Outcome measurement and definitions
Sedation-related adverse events included hypoxemia and hypotension. Mild hypoxemia was defined as a decline in the oxygen saturation to <90% for less than 30 seconds that is corrected with supplemental oxygen and a decrease in the propofol infusion rate. Severe hypoxemia was defined as a decline in the oxygen saturation to <90% for more than 30 seconds that was not corrected with the aforementioned method. Severe hypoxemia was managed by discontinuing the propofol infusion and interrupting the procedure to secure the airway. If there was no response, bag-mask ventilation and/or endotracheal intubation were considered.
Hypotension was defined as a decline in blood pressure to <90/50 mm Hg or a decrease in the baseline blood pressure by >20%. Mild hypotension was corrected with a saline infusion or a decrease in the propofol infusion rate. Severe hypotension was defined as hypotension that could not be corrected with the aforementioned method and lasted for more than 5 minutes. It was managed by discontinuing the propofol infusion, administering large volumes of intravenous fluid, and using the Trendelenburg position.
The procedure time was the time from the entry of the sedatives to the withdrawal of endoscope following submucosal dissection. The recovery state was defined as a condition in which the patient can respond to verbal orders. The recovery time was the time from the cessation of the drug infusion to the recovery state. After the procedure, the degree of satisfaction of both the endoscopist and the patient was evaluated using an endoscopist score and a patient score, respectively. The endoscopist score was a scale from one (unsatisfactory) to four points (very satisfactory). The patient score was a scale from zero (very severe discomfort) to 10 points (no discomfort).
Statistical analyses
The χ 2 test or Fisher's exact test was used for comparisons of categorical data, and the t-test was used for continuous data. A p-value of <0.05 was considered to be statistically significant. All data were analyzed using the SPSS version 16.0 for Windows (SPSS Korea, Seoul, Korea).
RESULTS
A total of 135 patients were enrolled in this prospective study; 67 patients were randomly assigned to the propofol group, and 68 were assigned to the combination group. The patient characteristics of both groups are shown in Table 1 . There were no significant differences between the two groups in terms of age, gender, body weight, baseline blood pressure, underlying diseases (diabetes mellitus, hypertension, cardiovascular disease, or pulmonary disease), or ASA score. The combination group was more likely to consume higher volumes of alcohol than the propofol group, but there was no significant difference between the groups.
The characteristics of the gastric lesions are shown in Table 2 . The diagnostic pathology results were adenoma, EGC, or SMT. In the propofol group, there were 44 adenomas, 17 EGCs, and six SMTs. In the combination group, there were 39 adenomas, 23 EGCs, and six SMTs. The lesion was more commonly located in the lower third of the stomach in both groups. The average specimen size was 34.74±13.65 mm in the propofol group and 42.74±16.86 mm in the combination group (p=0.003). Table 3 shows that the mean procedure time was not significantly different between the two groups (57 minutes vs 53 minutes, p=0.528). The mean total dose of propofol administered was lower in the combination group than in the propofol group (378±220 mg vs 466±200 mg, p=0.012). The mean propofol infusion rate was lower in the combination group (0.118±0.03 mg/kg/min vs 0.160±0.06 mg/kg/min, p<0.001), but the combination group had a longer mean recovery time (7.9±3.78 minutes vs 10.5±8.74 minutes, p=0.027) (Fig. 1) . Based on a 10-point visual analogue scale, the patients in both groups showed similar degrees of overall satisfaction.
The adverse events are shown in Table 4 . There were three cases of mild hypoxemia in the propofol group and one in the combination group (p=0.362), and there was one case of severe hypoxemia in the propofol group. Mild hypotension was observed in 18 cases in the propofol group and 11 cases in the combination group (p=0.144). There was no severe hypotension in either group, and no patients required mask ventilation with an Ambu bag or intubation. Frequency of each adverse event was similar between two groups. But total adverse event rate of Data are presented as number or mean±SD. M, male; F, female; BP, blood pressure. combination group was significantly less than that of propofol alone group (32.8% vs 17.6%, p=0.042). Table 5 compares the study participants who had an adverse event (adverse event group) with those who did not (noadverse-event group). The mean total propofol dose was 394 mg in the adverse event group and 431 mg in the no-adverse-event group. The propofol infusion rate was 0.136 mg/kg/min in the adverse event group and 0.140 mg/kg/min in the no-adverseevent group. The study results indicate that there was no correlation between the propofol dose or infusion rate with adverse events. The total procedure time was longer in the adverse event group than in the no-adverse-event group, but did not reach significance (59 minutes vs 54 minutes, p=0.414). The mean age was higher in the adverse event group (68±10.48 years vs 62±10.32 years, p=0.012), and cases with an ASA class of more than II were more frequent in the adverse event group (p=0.032). Data are presented as number (%). 
DISCUSSION
Our results show that propofol was successfully administrated by continuous infusion for induction and maintenance of deep sedation during ESD. The use of propofol for endoscopic sedation by nonanesthesiologist providers has increased markedly during the last decade, 1 and recent survey data suggest that propofol sedation is associated with a lower risk of complications and serious adverse events during standard endoscopy compared to conventional sedation. The safety and efficacy of propofol for other complex therapeutic endoscopic procedures, such as endoscopic retrograde cholangiopancreatography and endoscopic ultrasound, has already been established by several studies. [9] [10] [11] Nevertheless, the most effective and safest sedative agent and sedation protocol for ESD has not yet been clearly established.
Propofol is a potent sedative agent with a narrow therapeutic window. It has a rapid onset of action and short recovery time. Propofol also provided significantly better patient cooperation than midazolam. 12, 13 However, this agent occasionally decreases systemic vascular resistance, cardiac contractility, and ultimately cardiac output without a concomitant change in heart rate, and respiratory depression can also occur. 5, 14, 15 Recently, several studies have revealed most adverse events associated with propofol sedation were mild and often transient during advanced interventional endoscopic procedure. 12, [16] [17] [18] A randomized study in Japan, which compared continuous propofol infusion with intermittent midazolam injection during ESD for EGC, found that propofol is a safe and effective sedative agent and that patients treated with propofol had a quicker recovery than those who were treated with midazolam. 3 In those studies, however, sedation was mostly targeted to a moderate level and did not monitor an accurate sedation level during the procedure. Moderate sedation with propofol, especially in bolus injection, may frequently move into lighter or deeper sedation due to inconstant plasma concentration of propofol, disturbing the ESD procedure. In our studies, an assessment of an accurate sedation level was performed using a MOAA/S scale every 5 minutes during ESD procedure. Similar to other studies for propofol sedation targeting a moderate sedation, our results showed that deep sedation with continuous propofol infusion during ESD had a relatively low incidence of cardiopulmonary complications. There was only one case of severe hypoxemia, and that case did not require mask ventilation or intubation. Both patients and endoscopists gave high satisfaction scores after ESD, and there was no interruption or delay of the procedure. Propofol may be administered alone, but in clinical practice, it is commonly administered in combination with low doses of midazolam or a narcotic. 19 Because of the synergic effects of propofol, its dose can be reduced significantly when it is used in combination with midazolam and narcotics, possibly improving its safety. 20, 21 Recent studies have assessed the safety and efficacy of sedation with co-administration of propofol and opiates or midazolam to maintain a moderate sedation level. Similar to the results for propofol alone, the pooled analysis showed that the combination protocol resulted in a low incidence of hypoxemia (10%) but a relatively high incidence of nausea (26%) and memory of the procedure (66%). 22 Our study demonstrated that the deep sedation using combination protocol for ESD was as safe and effective as sedation by continuous infusion of propofol alone. Furthermore, sedation could be maintained with a significantly lower dose of propofol in the combination group. A significantly slower mean infusion rate in the combination group was also observed. Because propofol is a potent respiratory depressant, a significant reduction in the amount of propofol required for deep sedation could theoretically decrease the risk of respiratory depression. In our study, each of hypotension and hypoxemia showed no difference between two groups, but total adverse event rate of the combination group was significantly lower than propofol infusion alone group. Low doses and slow infusion rate of propofol may lead to a low incidence of adverse events. However, the combination protocol had a longer recovery time even though we only administered midazolam as a bolus at the start of the procedure to minimize the delay in recovery. A recent study showed that midazolam has a pharmacodynamic interaction during prolonged propofol infusion. 23 In this study, the results indicated that midazolam, at sedative levels, increases blood propofol concentrations by 25% and that propofol reduces the distribution and clearance of midazolam in a concentration-dependent manner. This synergetic effect of these two drugs could explain a prolonged recovery time in the combination group. Additionally, one point of clinical importance in our study is that trained nurses administered the propofol under the supervision of an experienced endoscopist. Recent large-scale trials of nurse-administered propofol sedation (NAPS) have suggested that appropriately trained nurses could assist the endoscopist in propofol administration and sedation monitoring, clearly saving resources. [24] [25] [26] [27] Our study showed that the cardiopulmonary complication rate from sedation was 25.2% and that all of the complications were transient and clinically insignificant. However, NAPS is still a subject of debate, and we cannot completely exclude the potential risk of cardiopulmonary complications of NAPS during ESD, even though we did not observe any major complications. Previous studies have suggested that NAPS is a safe method of sedation, at least in a tertiary hospital gastroenterology department, provided that training and the use of emergency measures to counteract its adverse effects is adequate. 25 There are several limitations in our study. First, older and high-risk patients (ASA category IV) were excluded, and the proportion of ASA category III patients was small. This could be a cause of the relatively low incidence of cardiopulmonary complications. Second, we could not apply a double blind design; the endoscopist could not be blinded, which might have biased the satisfaction assessment. Third, the sample size was too small to exclude rare adverse events or to adequately power the study to demonstrate the safety and efficacy of deep sedation by propofol. Finally, we did not directly compare the continuous propofol infusion and intermittent bolus injection of propofol, so further studies to compare the continuous infusion and intermittent bolus injection of propofol are needed to investigate the most effective and safe sedation protocol for ESD.
The aim of this study was to evaluate and compare the safety and efficacy of deep sedation induced by the continuous infusion of propofol administrated by a nonanesthesiologist during ESD. Using an adequate monitoring system, safe and efficient endoscopic procedures were performed with no serious adverse events using propofol. The combination protocol of continuous propofol infusion and intermittent intravenous midazolam injection can decrease the adverse events. However, further studies are needed on the specific adverse effects of propofol or other sedative agents used for deep sedation during complicated endoscopic procedures.
